Pomacea canaliculata snails pose a severe problem to direct seeded rice cultivated in Southern Brazil. Control of this snail is nowadays performed with toxic chemicals such as copper sulfate and fungicides such as fentin. A novel natural molluscicide based on alkali modified quinoa (Chenopodium quinoa) saponins was tested under laboratory conditions. Snails were collected in rice fields close to Porto Alegre (State of Rio Grande do Sul) and in Brusque (State of Santa Catarina, 400 km north of Porto Alegre). In Santa Catarina the product was very effective, while in Porto Alegre it had no effect. This unexpected behavior was probably due to the respiratory habits of the snails under different contents of dissolved oxygen in the water. Near Porto Alegre the water used in rice fields is heavily polluted, with dissolved oxygen levels of 1-2 ppm, and the snails rely primarily on their siphon and lungs to breathe. Since saponin control is probably due to an interaction between saponins with the sterols present in the cell walls in the gills, no control was observed. By contrast, in Santa Catarina the dissolved oxygen level of the water is 5-6 ppm, and the snails remain mostly underwater, breathing with their gills. In this case the snails died within 24 h at a dose of 20 and 30 ppm of product. To test this observation, snails grown in polluted waters were forced to remain underwater in saponin solutions and water (control) preventing the use of their siphon to breathe. The snails exposed to saponin solutions died, while the control snails survived, indicating that they were still able to use their gills to breathe. These results indicate that the use of the saponin product is limited to rice fields not irrigated with heavily polluted waters.
Pomacea canaliculata Lamarck snails (golden apple snails, GAS) cause severe damage in rice cultivation, particularly with direct seeded rice [1] . The snails feed voraciously on the newly sprouted rice seeds, causing severe losses in a short period of time. The snails are equipped with a very effective respiratory system consisting of gills and lungs. They also have a siphon that they can extend to capture oxygen from air and use their lungs without reaching the surface. At present these snails are controlled primarily with harmful chemicals that attack non-target organisms and pollute the environment, such as niclosamide, copper sulfate, and metaldehyde.
Recently, a novel molluscicide based on saponins derived from the Andean plant Chenopodium quinoa Willd.(quinoa) has been tested successfully to control P. canaliculata snails in northern Argentina and the Philippines [2, 3] . These saponins are obtained from the husk of the grain, which is removed prior to human consumption since its high saponin content imparts a strong bitter taste. To increase their molluscicidal activity, the bidesmosidic saponins naturally present in quinoa husks have been converted to more hydrophobic saponin derivatives, through an alkaline process [2] . Shortly after product application, the snails close their operculum and cease feeding, protecting the young rice seedlings. Under laboratory conditions, with a very high snail density (90 snails/m 2 ), the addition of 30 ppm of product (approximately 10 ppm of saponin), allows the protection of 92-95% of the young rice seedlings [3] . In this work we report the efficacy of the product against GAS in two states of southern Brazil: Rio Grande do Sul and Santa Catarina. The state of Rio Grande has about 1 million hectares of rice, with 100.000 ha being direct-seeded rice. At present, GAS is controlled with Brestamid (fentin hydroxide). The water used for rice irrigation is heavily polluted due to industrial and domestic discharges, with dissolved oxygen levels of 1-2 ppm. On the other hand, Santa Catarina, located 400 km north of Porto Alegre, has about 140.000 ha of rice, mostly direct-seeded. The water used for irrigation comes from rivers with low pollution levels, with dissolved oxygen contents of 5-6 ppm. GAS is controlled using copper sulfate.
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In the trial conducted in the State of Rio Grande do Sul, different product concentrations (20, 25, 35 ppm) were used. The first set of experiments was performed with water from the rice fields, while the second set was performed with distilled water. No snail control was attained with the saponin product after either 24 or 48 hours of contact. Similar tests were performed with snails collected 40 km northwest from the first site, and again no control was attained. In addition, a field test with 30 ppm of product resulted in no mortality.
To explain these unexpected results, we carried out different experiments in Porto Alegre, with higher product concentrations, different temperatures and water quality, with no success. To rule out possible species differences, photographs of snail shells and eggs collected both in Santa Catarina and Porto Alegre were sent to Dr Robert Cowie and Dr Ken Hayes at the Center for Conservation and Training of the University of Hawaii, where they were classified most probably as Pomacea canaliculata.
The most plausible explanation came from following closely the respiratory habits of the snails. Interestingly, many snails located themselves in the air-water interface, where they pumped air to their lungs with a peristaltic motion. When they were under water, they extended their siphon periodically to attain the air-water interface and respire with their lungs. This was also observed for the snails placed in distilled water with high dissolved oxygen levels (6 ppm), suggesting a strong adaptation to the use of their siphon/lung system. This behavior was different from that observed in the experiments performed in Argentina and The Philippines, where the snails remained most of the time underwater [2, 3] , and were sensitive to the product. Table 1 gives the results of experiments when the snails were forced to stay under water, preventing them reaching the air-water interface with their siphon. In this case, the snails placed in the saponin solutions died, while the ones placed in the water solution remained alive. This indicated that when forced to remain underwater, the snails were still capable of using their gills for respiration. Under these conditions, saponins probably bind to the sterols present in the cells of the gills, producing cell microporation and snail death [4] . Table 2 shows experiments with snails collected in rivers nearby the city of Brusque, in the State of Santa Catarina. The dissolved oxygen level was 5-6 ppm, similar to that found in northern Argentina and in the Philippines. In this case, very few snails located at the air-water interface or used their siphon to respire. Normally they stayed underwater and closed their operculum two to three hours after being exposed to the product, suggesting that they respired primarily with their gills and, therefore, were affected by the saponin product. Good control was attained with 25 and 30 ppm of product, corresponding to 8 and 10 ppm of saponin, respectively, in agreement with the experiments performed in northern Argentina and the Philippines [2, 3] .
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In conclusion, the results indicate that Pomacea snails develop respiratory habits in relation to the dissolved oxygen level of the water. The saponin product was only effective in areas with high levels of dissolved oxygen, where the snails use primarily their gills to respire. In waters with low levels of dissolved oxygen, no snail control was attained, indicating that the saponin product affects only the gills and not the foot-sole epithelium or internal organs, as has been reported for Bulinus africanus snails when contacted with saponin solutions [5, 6] . This unexpected behavior indicates that before using the saponin-based molluscicide, it is important to observe the dissolved oxygen levels of the water used for irrigation and the respiratory habits of the snails.
Experimental

Snail collection:
The snails in Rio Grande do Sul were collected near Porto Alegre (latitude 30°05'S, longitude 51°10'W) with the aid of personnel of IGRA (Instituto Rio Grandense de Arroz). The average size of the snails was 3-4 cm. GAS in Santa Catarina were collected near Brusque (latitude 27°05'S, latitude 49°00'W) with the help of personnel of EPAGRI. The average snail size was 2.5 -3.5 cm.
On the basis of the shape of their shell and eggs, the snails were classified as Pomacea canaliculata. This conclusion was reached through visual observation of shell and eggs, and photographs sent to Dr Robert Cowie's group at the University of Hawaii, USA.
Saponin product:
The product was prepared with Bolivian quinoa Real husks [2] . The product is a partially soluble powder containing approximately 33% w/w saponins, as determined by RP-HPLC [2] . The product was dissolved at about 10% by weight in water before being thoroughly dissolved in the water used in the experiments.
Snail control:
In Rio Grande do Sul the product was tested at 20, 25, 35 and 45 ppm (mg product/L). This corresponded to approximately 7, 8 12 and 15 ppm of saponin, respectively. The snails were placed in plastic cages 20 (l) x 16 (w) x 13 cm (h), with a water level of 7 cm. Both water from the rice culture and mineral water were tested. All experiments were performed with 3 repetitions and 5 snails per cage.
Due to the failure to obtain snail control in Rio Grande do Sul, the cages were modified to prevent the snails reaching the surface to use either their lungs or siphon to respire. To do this, a plastic net was placed in each cage at about 5 cm height (half water level). These experiments were performed with 20 and 30 ppm of product, with 3 repetitions and with 5 snails per cage.
For the field test, 3 metal boxes 2.6 m x 2.6 m x 20 cm were placed in the rice field. The water level was about 10 cm. The product was dissolved in 16 L water and added with a back pump. Prior to the experiments, all snails naturally present in each test box were removed, and replaced with 30 fresh snails (size 25-30 mm). This gave a density of about 4-5 snails/m 2 . One box was used as control and two others with 30 ppm of product (10 ppm saponin). The water temperature was 32-34ºC and the pH 7.0. After 24 h the snails were observed for mortality; dead snails normally float, with their operculum open.
The experiments in Santa Catarina were performed in plastic cages 20 (length) x 16 (width) x 13 cm (height), with a water level of 7 cm. The water was from the rice fields where the snails were collected. Product levels were 20 and 30 ppm, corresponding to 7 and 10 ppm of saponins.
